I claim: 

1. A method of scheduling on one or more 
processors, executions of both periodic and asynchronous 
5 real-time processes having hard or soft deadlines, 
comprising automatically generating a pre-run-time 
schedule comprising mapping from a specified set of 



periodic process executior 



s to a sequence of time slots 



on one or more processor tjime axes, each of the time 
10 slots having a beginning time and an end time, reserving 
each one of the time slots for execution of one of the 
periodic processes, a dif/ference between the end time 
and the beginning time ofl each of the time slots being 
sufficiently long that execution of all of the periodic 
15 processes, including sat/isf action of predetermined 
constraints and relations comprising at least one of 
release time, worst-case computation time, period, 
deadline, deadline natufre, offset anq permitted range of 



offset constraints, an 
20 relations and critical 
between the beginning 
time slots, and execut 
with the schedule duri 



precedenc 
Lty levels 
cime and e 
ing the prol 



25 2. A method ap 

the step of converting 
to a corresponding new 




exclusion 
5mpleted 
ririe of respective 
is in accordance 



ng run-timq/of the processor 



defined in claim 1, including 
at least one asynchronous process 
periodic process prior to the 
mapping step, and mapping the new periodic process in a 
manner similar to mapping of other periodic processes. 



30 



3. A method a 
the step of converting 



s defined in claim 1, including 
all asynchronous processes that 



periodic processes in< 



can be contained without conflict in the time slots with 



luding new periodic processes 



35 converted from asynchronous processes, into new periodic 



processes prior to the mapping step, and mapping all new 
periodic processes in a mapner similar to mapping of 
other periodic processes. 



4. A method as defined in claim 3, including 
further executing all noh-converted asynchronous 
processes during run-time of the processor at times 
which do not interfere with execution of processes 
contained in the pre-run-time schedule . 



10 



5. A method ai defined in claim 1 including, 
following pre-run-timd scheduling and during run-time of 
the processor, the step of scheduling executions of a 
specified set of peri/odic and asynchronous processes 
15 such that all known dues of said specified constraints 



and relations will always be sat 



constraints and rela/tions further comprising, for 



asynchronous processes, at least 
computation time, deadline, dead 
20 time between two consecutive re 
time and end time of every ti 
periodic process execution in 




ed, the specified 



f wo'fst-case 
ftature and minimum 
|s, and beginning 

reserved for every 
f e-run-time schedule , 



6. A methid as definec^jln claim 3 including, 
25 following pre-run-Jtime scheduling and during run-time of 
the processor, the step of scheduling executions of a 
specified set of periodic and asynchronous processes 
such that all knoin ones of said specified constraints 
and relations will always be satisfied, the specified 
30 constraints and relations further comprising, for 
asynchronous processes, at least one of worst-case 
computation time, 
time between two 
time and end time 
35 periodic process 



deadline, deadline nature and minimum 
consecutive requests, and beginning 

of every time slot reserved for every 
execution in the pre-run-time schedule. 



7. A method as defined in claim 1, including 
scheduling, within the pre-run-time schedule, said 
difference between the end time and the beginning time 
5 of each of said periodic time slots with sufficient time 
capacity for execution of all asynchronous processes 
that have less latitude than considered ones of periodic 
processes in meeting their respective deadlines. 



10 8. A method as defined in claim 3, including 

scheduling, within the pre-run-time schedule, said 
difference between the end time and the beginning time 
of each of said periodic tape slots with sufficient time 
capacity for execution of all unconverted asynchronous 

15 processes that have less latitude than latitude than 
considered ones of periodic processes in meeting their 
respective deadlines . 



9. A method fop automat 
20 of periods of a predetermined 
comprising storing ana sorting 
periods, setting the /length of 
periodic process to the lengt 



period that is no lafrger than aA brioinal period of the 
25 periodic process to form adjusted periods, and storing 
the adjusted periods for subsequent use in scheduling 
executions of the periodic processes. 




d jus ting lengths 
iodic processes , 
""reference 
od of each 
argest reference 



10. A method as defined in claim 1, including 
30 prior to the mapping step, automatically adjusting 
lengths of periods of a predetermined set of periodic 
processes, by storing and sorting a list of reference 
periods, setting/ the length of the period of each 
periodic process to the length of the largest reference 
35 period that is Ao larger than an original period of the 



periodic process to form adjusted period's, and storing 
the adjusted periods for subsequent use in pre-run-time 
scheduling of executions of the perioaic processes. 



5 11. A method as defined in /claim 8, including 

prior to the mapping step, automatically adjusting 
lengths of periods of a predetermined set of periodic 
processes by storing and sorting/a list of reference 
periods, setting the length of the period of each 

10 periodic process to the length/of the largest reference 
period that is no larger than/an original period of the 
periodic process to form adjusted periods, and storing 
the adjusted periods for subsequent use in pre-run-time 
scheduling of executions of/ the periodic processes. 



15 



12. A method as dfefined in claim 9, including 
setting the length of eadn reference period to be equal 
to the product of n powers, the base/of \ach of the n 
powers being a distinct/prime number, the n bases of the 



20 n powers being the first and sma] 



L 



the exponent of each cff the n power 



25 



exponent upperbound, the sorted 1 

iver 



n jprime numbers, 
g bounded by an 
'reference 




periods including every product fof every said n powers. 



13. A method as defined in claim 12, including 
controlling tradeoff between differences between 
original period lengths and the adjusted period lengths, 
and the length of/ a least common multiple of the 
adjusted period l/engths, by values of the n exponent 
30 upperbounds and the value of n. 



14. A method as. defined in claim 1 including, 
prior to generating the pre-run-time schedule, 
determining whether each hard deadline asynchronous 
35 process should or should not be converted into a new 



periodic process, and then converting a subset of a 
predetermined set of asynchronous processes having a 
worst-case computation time, minimum tinie between two 
requests characteristics and hard deadline constraints, 

5 which have been determined to be convertible, into a set 
of new periodic processes having release time, worst- 
case computation time, period, hard/ deadline, and 
permitted range of offset constraints, and reducing 
possible timing conflicts with other hard deadline 

10 periodic or hard deadline asynchronous processes with 
less latitude in meeting their deadlines, by taking into 
consideration the computation time requirements of the 
latter processes when determining the d^adl^ne of the 
new periodic process. 

15 

15. A method as defined in c^#m l/ including, 
prior to generating the pre-run-time ^chejaule, 
determining whether each Ward deadline asynchronous 
process should or should /not be concerted into a new 

20 periodic process, and then converting a subset of a 
predetermined set of asynchronous processes having a 
worst-case computation/ time, minimum time between two 
requests characteristics and hard deadline constraints 
which have been determined to be convertible, into a set 

25 of new periodic processes having release time, worst- 
case computation time, period, hard deadline, and 
permitted range of /of f set constraints, wherein a 
permitted range of/ offset of the new periodic process 
being is a subinterval of an interval or a full interval 

30 that begins at a predetermined start time, and ends at a 
time equal to tl^e sum of the earliest time that an 
asynchronous process can make a request for execution 



plus the period' length of the new periodic process minus 
one time unit. 

35 



16. A method as defined in claim 14, in which 
the determining step is performed by calculat/ing whether 
a ratio of processing capacity of the processor which is 
required to be reserved for new periodic processes, to 

5 processor capacity that is required for the asynchronous 
process if left unconverted, exceeds a predetermined 
threshold value. 

17. A method as defined in c^aim 1, including 
10 generating the pre-run-time schedule/ as a feasible two- 
part pre-run-time-schedule for execution of periodic 
processes that may have non-zero offsets (a) an initial 
part which may be of zero length, /and (b) a repeating 
part having length which is equal/ to a least common 

15 multiple of lengths of all the periods of the periodic 
processes , 

all executions of all periodic processes within 
a time interval of length equAl to the length of the 
least common multiple of the/periodic proceps\periods 

20 being included in the repeat/ing part of tui pre-run-time 
schedule, wherein all said /specified conafe^^nfts and 
relations being satisfied yror all execxfwLons jbf all 
periodic processes within/ both said initial part and 
said repeating part, andy 

25 using any offset/ value in a permitted range of 

offsets of each periodi/c process, including any offset 
value in the permitted/ range of offsets of any new 
periodic process that/may have been converted from an 
asynchronous process/ to generate said feasible pre-run- 

30 time schedule. 



18. A method as defined in claim 1, including 
generating the pre'-run-time schedule as a feasible two- 
part pre-run-time/ schedule on one or more processors for 
35 execution of peri/odic processes that may have non-zero 



offsets (a) an initial part which may be of Zero length, 
and (b) a repeating part having length whicil is equal to 
a least common multiple of lengths of all /che periods of 
the periodic processes, 

5 all executions of all periodic processes within 

a time interval of length equal to the/length of the 
least common multiple of the periodic/process periods 
being included in the repeating part/ of the pre-run-time 
schedule, wherein all said specified constraints and 

10 relations being satisfied for all Executions of all 
periodic processes within both saad initial part and 
said repeating part, and 

using any offset value i/n a permitted range of 
offsets of each periodic process, including any offset 

15 value in the permitted range yof offsets of^afflw new 
periodic process that may have been converted! from an 



asynchronous process, to generate said 
time schedule. 



ib/Le pre-run- 




20 19. A method as defined in ©lafim 1/ including 

generating the pre-run-t/ime schedule /as a/feasible two- 
part pre-run-time schedule on one or more processors for 
execution of periodic processes that may have non-zero 
offsets (a) an initial part which may be of zero length, 
25 and (b) a repeating part having length which is equal to 
a least common multiple of lengths of all the periods of 
the periodic processes, 

all executions of all periodic processes within 
a time interval of length equal to the length of the 
30 least common multiple of the periodic process periods 
being included ih the repeating part of the pre-run-time 
schedule, wherein all said specified constraints and 
relations being satisfied for all executions of all 
periodic processes within both said initial part and 
35 said repeating part, and 



7 



using any offset value in a permitted range of 
offsets of each periodic process, including arw offset 
value in the permitted range of offsets of acfy new 
periodic process that may have been converted from an 
5 asynchronous process, to generate said feasible pre-run- 
time schedule, 

20. A method as defined in cla^im 17, including 
generating said pre-run-time schedule/ on a plurality of 
10 processors. 



21. A method as defined in claim 14, including 
generating the pre-run-time schedule as a feasible two- 
part pre-run-time-schedule for execution of periodic 
15 processes that may have non-zero offsets (a) an initial 
part which may be of zero length, and (b) a repeating 
part having length which is equal to a least common 
multiple of lengths of all /he periods of_the periodic 
processes, 

all executions of /all periodic/ proc 



20 



a time interval of length equal to t) 
least common multiple o/r the periodi 



len< 



ssses within 
the 



cess periods 

/ 



being included in the Repeating psrtj of ^bhe pre-run-time 
schedule, wherein all/ said specifi/e'd constraints and 
25 relations being satisfied for all//fexecutions of all 
periodic processes within both said initial part and 
said repeating part, and 

using any pf f set value in a permitted range of 
offsets of each periodic process, including any offset 
30 value in the permitted range of offsets of any new 

periodic proces/S that was converted from an asynchronous 
process, to generate said feasible pre-run-time 
schedule . 



35 



22. A method as defined in claim 21, including 



8 



generating said feasible pre-run-time schedule on one or 
more processors. 



23. A method as defined in claim 21, further 
5 including the steps of generating the/pre-run-schedule 
by constructing a schedule for all executions of the 
periodic processes within an internal starting from zero 
and having length equal to maximum offset value plus a 
bounded number of times of the length of a least common 
10 multiple of the periodic proces^ periods, conditions for 
determining feasibility requiring the existence of a 
point in the pre-run-time schedule wherein starting from 
the latter point the schedule repeats in subschedule 
interval lengths equal to a /least common multiple of 
15 lengths of all the periodic process periods, timing of 
all executions of all peri/odic processes within a time 
interval having length equal to the' length of the least 



common multiple' of the periodic p 
included in each said repeating 



20 and including satisfaction of a! 
constraints and relations for 
periodic processes wzithin th« 



'otftessj periods being 
utfsch^dule interval, 
(l /predetermined 

utions of all 
dule interval 



^exei 



)schi 



starting from time zero and enn/ng at said point plus 
the length of the least commoij/ multiple of the periodic 
25 process periods in the schedule. 



24. A method as defined in claim 23, including 
generating saicjf pre-run-time schedule on a plurality of 
processors . 



30 



25. /A method as defined in claim 1, including 
generating the pre-run-time schedule on one or more 
processors /as a feasible two-part pre-run-time-schedule 
for execution of periodic processes that may have non- 
35 zero offsets (a) an initial part which may be of zero 



length, and (b) a repeating part having length whifch is 
equal to a least common multiple of lengths of #11 the 
periods of the periodic processes, 

all executions of all periodic processes within 

5 a time interval of length equal to the length of the 
least common multiple of the periodic process periods 
being included in the repeating part of /the pre-run-time 
schedule, wherein all said specified constraints and 
relations being satisfied for all executions of all 

10 periodic processes within both said/initial part and 
said repeating part, and 

using any offset value in/a permitted range of 
offsets of each periodic proces^, including any offset 
value in the permitted range of offsets of any new 

15 periodic process that may have been converted from an 
asynchronous process, to ger^erate sa/d feasible pre-run- 
time schedule. 




20 26. A method as definecl/in claim 1, further 

comprising the steps off: 

(a) generating feasible sai'd-run-time schedule for 
the execution of a jset of hara deadline periodic 
processes, and of a set of soft deadline periodic 

25 processes, 

(b) assigning a criticality level and a deadline 
upper-limit to /each soft deadline periodic process, 

(c) in the/ case of not finding a feasible pre-run- 
time schedule under said constraints and relations, 

30 identifying /a soft critical set that contains soft 
deadline periodic processes for which modifying the 
deadlines /of one or more processes in said soft critical 
set is necessary to meet the deadlines of all hard 
deadline' processes, 
35 (d) /repeatedly selecting one process with a lowest 



10 



criticality level among processes for which itf 
criticality level has not reached the deadline upper- 
limit in the soft critical set in each case /in which a 
feasible pre-run-time schedule has not beep found, 

5 increasing the deadline of the selected p/ocess by an 
amount that does not exceed the deadline^ upper-limit of 
the selected process and repeatedly att/empting to find a 
feasible pre-run-time schedule until ^ither a feasible 
pre-run-time schedule is found or all the deadline 

10 upper-limits of processes in the so/ft critical set have 
been reached without finding a feasible schedule, and 
indicating the event of either the inability of finding 
a feasible schedule or of findirrg a feasible pre-run- 
time schedule, and indicating t/he critical set when 

15 unable to find a feasible schedule, 

/ 

(d) recomputing worst-case response ^lm&s of all 

hard deadline asynchronous processes altir a\ feasible 

pre-run-time schedule has j/een found /foj all hard and 

soft deadline periodic processes, and im eve/ry event 

/ II 

20 that the worst-case response time exceeds tno^deadline 
of a hard deadline asynchronous pr^ces^T^r^P^^tedly 
selecting one process^that has a Vojest criticality 
level among all soft ^deadline peri^aic processes that 
contribute to the warst-case response time of the 

25 asynchronous process and increasing the deadline of the 
selected soft deadline periodic process until either (i) 
the worst-case response time of every hard deadline 
asynchronous process is less than or equal to its 
deadline or (iy) all the deadline upper limits of the 

30 set of soft deadline periodic processes that contribute 
to the worst-case response time of some hard deadline 
asynchronous/process that exceeds the deadline of said 
asynchronous process have been reached, and indicating 
the event q4 the latter events (i) or (ii) and the set, 

35 
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27. A method as defined in claim 1, further 
comprising, during run-time: 

(a) detecting, at any predetermined time, /whether 
there exists a possibility that immediate execution of a 

5 particular hard deadline asynchronous prooess may cause 
the execution of any periodic process wi£h less latitude 
in meeting a deadline of the latter periodic process as 
compared with latitude of meeting the/deadline of the 
particular hard deadline asynchronous process which is 

10 to be delayed beyond a predetermined time limit, even if 
the periodic process is not ready/for execution at said 
any predetermined time, and 

(b) delaying execution of the hard deadline 
asynchronous process if said possibility is found to 

15 exist, even if said possibil/ty is the only reason for 
delaying the execution of said asynchror^us process at 
said any time, and even if/the delay 
processor to be in an idle state for y 
non-zero length beginning from said, 

20 




cause the 
e interval of 
ime . 



28. A method a^ defined i^claim/ 1, further 
comprising, during rutin -time: 

(a) detecting, at any predetermined time, whether 
there exists a possibility that immediate execution of a 

25 particular hard deadline asynchronous process may cause 
the execution of /any periodic process with less latitude 
in meeting a deadline of the latter periodic process as 
compared with yatitude of meeting the deadline of the 
particular haro deadline asynchronous process which is 

30 to be delayed/ beyond the end of the time slot of the 
periodic process in the pre-run-time schedule, even if 
the periodic process is not ready for execution at said 
any predetermined time, and 

(b) de/aying execution of the hard deadline 

35 asynchronous process if said possibility is found to 
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exist, even if said possibility is the only reasorr for 
delaying the execution of said asynchronous process at 
said any time, and even if the delay will causae the 
processor to be in an idle state for a time j/nterval of 
5 non-zero length beginning from said any tir 



O 

y5 



29. A method as defined in claii^ 1, further 
comprising, during run-time: 

(a) detecting, at any predetermined time, whether 
10 there exists a possibility that immediate execution of a 

particular hard deadline asynchronous process may cause 
the execution of the asynchronous/process, or the 
execution of some other asynchronous process, to extend 
beyond the beginning of the time slot of the periodic 
15 process in the pre-run-time schedule, even if the 

periodic process is not reac^y for executigjr^f said any 
predetermined time, and 

(b) delaying execution/of the hard 



idli 



asynchronous process if said possibili/ty is 



L 



ie 

found to 

20 exist, even if said possibility is thfe /onlvj^e^aon for 
delaying the execution/of said asynchpfious process at 
said any time, and even if the de^yXill^ :ause the 
processor to be in ah idle state fc/i/ a time interval of 
non-zero length beg/inning from saij^ any time 

25 

30. A mefhod as defined in claim 27, including 
carrying out the method on a plurality of processors 



31. A/ method as defined in claim 29, including 
30 carrying out /the method on a plurality of processors. 



32./ A method as defined in claim 1, further 
comprising, during run-time: 
(a) detecting, at any predetermined time, whether 

35 there exists a possibility that immediate execution of a 
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particular hard deadline asynchronous process may o&use 
the execution of any periodic process to be delayed 
beyond the end of the time slot of that periodic/ process 
in the pre-run-time schedule, even if the periodic 
5 process is not ready for execution at said ayfy 
predetermined time, and 

(b) delaying execution of the hard deadline 

asynchronous process if said possibilitv/is found to 
exist, even if said possibility is the/only reason for 
10 delaying the execution of said asynchronous process at 
said any time, and even if the delay will cause the 
processor to be in an idle state f^r a time interval of 
non-zero length beginning from said any time. 

15 33. A method as defined in claim 32, including 

carrying out the method on a plurality of/ptocessors . 



34. A method as defimed in cla/im/l, 
comprising, during run-tim^: / 



further 



20 (a) detecting, at any/predetermine^tTime, whether 

there exists a possibili/ty that imm^criate Execution of a 
particular first hard deadline Synchronous process may 
cause execution of any second har<^ deadline asynchronous 
process to be continuously blocked for a duration of the 

25 execution of the fyrst asynchronous process and a 

duration of the execution of any periodic process, when 
the second asynchronous process has less latitude in 
meeting the dead/line of the second asynchronous process 
as compared with the latitude of both the first 

30 asynchronous process in meeting the deadline of the 
first asynchronous process and the latitude of the 
periodic process in meeting the deadline of the periodic 
process, even if neither the periodic process nor the 
second asynchronous process are ready for execution at 

35 the predet/ermined time, and 
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(b) delaying execution of the first hard deadline 

asynchronous process if said possibility is found to 
exist, even if said possibility is the only reason for 
delaying the execution of the first asynchronous process 
5 at said any predetermined time, and even iy the delay 
will cause the processor to be in an idle/state for a 
time interval of non-zero length beginning from said any 
predetermined time. 

10 35. A method as defined iny6laim 34 including 

carrying out the method on a plurality of processors. 

36. A method as defined/ in claim 1 comprising 
during run-time, detecting at least one event of, at any 

15 point in time, whether some asynchronous process has 
arrived by said point in timfe, if some asynchronous 
process or periodic process/ has complet^cnats 
computation at said point /in time, and/ if said point in 
time is both the release/time and beginning) time of a 

20 time slot in the pre-run-time sche 



process, and activating a run-time 



periodic 
r at said 

point in time, and should said atf/l^r£st or/e event have 
occurred, determining whether eych asynchronous process 
that has arrived but has not yet been completed should 
25 be delayed or immediately put into execution, and at 
least one of the /further steps: 

(a) delaying/execution of a hard deadline first 
asynchronous process when the execution of some other 
hard deadline /asynchronous or periodic process which 

30 excludes the /first asynchronous process has already 
started by h4s not yet been completed, 

(b) delaying execution of a hard deadline first 
asynchronous process when execution of some other hard 
deadline asynchronous or periodic process which has less 

35 or equal/latitude compared with the latitude of the 
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first asynchronous process in meeting their respective 
deadlines has already started but has not yet been / 
completed, / 

(c) delaying execution of a hard deadliner first 

5 asynchronous process when execution of somer other hard 
deadline first asynchronous process that ^xcludes a 
periodic process with less or equal latitude as compared 
with the latitude of the first asynchronous process in 
meeting their respective deadlines hays already started 

10 but has not yet been completed, / 

(d) delaying execution of a ham deadline 
asynchronous process in the event/there exists the 
possibility that immediate execution of the latter hard 
deadline asynchronous process m^y cause execution of a 

15 first periodic process with less or equal latitude to be 
delayed, when execution of tbie first periodic process 
may be preempted by execution of some second periodic 
•process, and the latter ha/d deadline a^mfehronous 
process cannot be preempted by the second periodic 

20 process, / /II 

(e) delaying executi/on of a hard ./dea^Jrne^ 
asynchronous process ^nen it is ^o^^Tlo^ed to preempt 
execution of any first process ytjp^t excLudes some other 
second hard deadline/ asynchronous/ process which has 

25 latitude that is le'ss than bbth /said any first process 
and the latitude o^ said second asynchronous process, 
whereby blocking jot the secorit/ asynchronous process by 
the duration of /more than execution of processes with 
greater latitude thereof may be avoided, 

30 (f) delaying execution of a hard deadline 

asynchronous ^process to allow preemption of execution of 
the asynchronous process by execution of a first 
periodic prpcess that has latitude less than or equal to 
the latitude of the asynchronous process, when the 

35 asynchronous process does not exclude the first periodic 
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process and does not exclude any other asynchronoi 
process with a latitude that is less than the latitude 
of the first periodic process, and there does pot exist 
execution of some second periodic process tha/c has not 

5 been completed such that execution of the second 
periodic process is ordered before execution of the 
first periodic process and execution of /he time slot of 
the first periodic process is not nested within the time 
slot of the second periodic process ipr the pre-run-time 

10 schedule, and 

(g) selecting, among all hard deadline asynchronous 

processes that have already arrived and are not yet 
completed and are not delayed, ayprocess which has the 
least latitude for immediate execution, wherein if more 

15 than one process is selected, ^further selecting a 

process among them with a smallest ind^x f^or immediate 
execution . 



37. A method as defined in/cyai^n^T comprising 

20 during run-time, detecting, in a ca^*5^^ no hard 

deadline asynchronous process or^period.ic process that 
has started is to be immediately /Rut into execution, 
conditions of whethery^here exists an execution of some 
first periodic process that is ready for execution and 

25 has not completed execution, and there does not exist 
any other execution of some second periodic process that 
has not yet completed, such that execution of the second 
periodic process' is ordered before execution of the 
first periodic /process in the pre-run-time schedule, and 

30 the time slot /of the first periodic process is not 
nested within the time slot of the second periodic 
process in the pre-run-time schedule, and there does not 
exist any /other execution of some third periodic process 
that is ready and has not completed execution, such that 

35 executio'n of the third periodic process is nested within 
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the time slot of the first periodic process in the' pre- 
run-time schedule, and beginning execution of th^ first 
periodic process immediately in the event said 
conditions are true. 



38. A method as defined in claim 1J comprising 
during run-time, detecting the conditions An a case in 
which no hard deadline asynchronous process or periodic 
process that has started is to be immediately put into 

10 execution, whether there exists a soft: deadline first 
asynchronous process with known characteristics that is 
ready and has not completed execution, and that there 
does not exist any other second process such that the 
second process excludes the firsx process or the first 

15 process excludes some third process such that the third 
process has a latitude that js less than the latitudes 
of both the first process and the second process, and 
execution of the second process has starxed\but has not 
been completed, and in th4 event the opnditijons are 

20 true, selecting among all such first/ soft deadline 
asynchronous processes/with known characteristics- a 
process that has the /shortest deadliyne, aj^^irT^the event 
among such processes there are some/par6ce4ses that have 
already started, tKen selectinaa^proces4 among them 

25 which has already started for irnmediatjs execution. 



39, 



method as defined in claim 1, comprising 



during run-time, detecting the conditions, in a case in 
which no hard deadline asynchronous process or periodic 

30 process that has started, or periodic process that is 
ready, or soft deadline asynchronous process with known 
character/sties that is ready for execution, is to be 
immediately put into execution, whether there exists a 
soft deadline first asynchronous process with unknown 

35 characteristics that is ready and has not completed 
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execution, and that there does not exist any othe/l 
second process such that the second process excludes the 
first process or the first process excludes sorjpfe third 
process such that the third process has a lat/tude that 

5 is less than the latitudes of both the first/ process and 
the second process, and the execution of ttie second 
process has started but has not been completed, and in 
the event the conditions are true then /electing among 
all such first soft deadline asynchronous processes with 

10 unknown characteristics, a process ttiat has the shortest 
deadline, and if among such processes there are some 
that have already started, then selecting a process 
among them that has already star/ted for immediate 
execution. 
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40. A method as defined in claim 1, including, 
for use in generating the oxe-run-time schedule, 
determining a worst-case /esponse ]cim$ of each hard 



deadline asynchronous process th 



/ 



not been 
^formula 



20 converted into a periodic process 
comprising : 

the sum of a]/l worst-cas^corhputation times of 
all asynchronous processes and periodic processes that 
have less or equal/ latitude as/ compared with the 
25 latitude of the asynchronous in meeting their respective 
deadlines, j 

plus the maximum time that the asynchronous 
process may possibly be blocked by some asynchronous or 
periodic process that has greater latitude as compared 
30 with the la/i1 



/ 



.tude of the asynchronous process in meeting 



their respective deadlines, 

pLus the worst-case computation time of the 
asynchronous process multiplied by the number of 
periodia processes with which the asynchronous process 
35 has an exclusion relation. 
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41. A method as defined in claim 1, including, 
during a pre-run-time phase, determining by simulation a 
worst-case response time of each hard deadline 

5 asynchronous process corresponding to a feasible pre- 
run-time schedule of periodic processes consisting of an 
initial part of the pre-run-time schedule/and a 
repeating part of the pre-run-time schedule, wherein for 
each point in time from zero to the eud time of the 

10 repeating part of the run-time schedule minus one time 
unit, simulating execution of the /synchronous process 
using functions used to determiner a run-time schedule 
and recording response time of /he asynchronous process 
under the assumption that the Asynchronous process 

15 starts at a point in time uiyler consideration, all other 
asynchronous processes that/ can possibly block the 
asynchronous process arrii/ing at one time unit prior to 
the point in time under yconsideration/^and all 
asynchronous processes /that have deadlines that are 

20 shorter than the deadline of the asynchronous process 
arriving at the same/ said point oj£ tim^xinxier 
consideration, scheduling executAjms at periodic 
processes to start/ at the begiimipig t/ime and to complete 
execution at the/end time of tne/r respective time slots 

25 in the pre-run-time schedule, wherein whenever the 
asynchronous process is delayed because it may block 
execution of ^some periodic process having less latitude 
than the lat/itude of the asynchronous process, or may 
block execution of some second asynchronous process for 

30 the duration of more than one execution of processes 

having greater latitude as compared with the latitude of 
the second asynchronous process, all asynchronous 
processes having less latitude as compared with the 
latitude of the asynchronous process is delayed in order 

35 to del/ay the asynchronous process for a maximum possible 
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amount of time, thus simulating all possible worst/case 
scenarios of executions of the asynchronous process. 

42. A method as defined in claim 1, including, 

5 during a pre-run-time phase, restricting eWry periodic 
process to be executed strictly within its' time slot in 
the pre-run-time schedule by changing release time of 
execution of each periodic process to pe equal to the 
beginning time of the time slot reserved for execution 

10 of the periodic process. / 

43. A method as defined An claim 1, including, 
during a pre-run-time phase, generating tables of safe 
start time intervals for the executions of hard deadline 

15 asynchronous processes, wherein every periodic process 
is scheduled to be executed/ strictly within its time 
slot in the pre-run-time schedule, by changing the 
release time of executior/ of each periodic/^ocess to be . 
equal to the beginning time of the time /slot /reserved 

20 for execution of the periodic process -/wherein for every 
point in time of the ipre-run-time sc^^le^/it^is 
determined whether each asynchronou^irocess should be 
delayed, under the assumption that /tMe act/ual start time 
of execution of every periodic process ts equal to the 

25 beginning time oy its time slot, asnd the actual end time 
of execution of yevery periodic process is equal to the 
end time of its/ time slot, wherein for every point in 
time of the pre-run-time schedule, in the event the hard 
deadline asynchronous process is to be delayed according 

30 the assumptions, the point in time is set to be unsafe 
and recorded in a corresponding entry in the table for 
the point i/n time and the asynchronous process. 

44/. A method as defined in claim 1, including, 
35 during a rore-run-time phase, determining a worst-case 
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response time of each soft deadline asynchronous process 
for which worst-case computation time, deacaline and 
minimum time between two requests are known before run- 
time and that has not been converted intb a periodic 

5 process, using a formula: / 

the sum of all worst-case computation times of 
all asynchronous processes that have/ less or equal 
latitude as compared with the latitude of the 
asynchronous process in meeting thfeir respective 

10 deadlines, / 

plus the sum of all wors/c-case computation times 
of all periodic processes, / 

plus the maximum time that the asynchronous 
process may possibly be blocked by some asynchronous 

15 process that has greater latitude as compared with the 
latitude of the asynchronous process in meeting their 
respective deadlines / // / 

45. A method as defined in c\&idc^L f including, 

20 during a pre-run-time phase, determining byysimulation a 
worst-case response time/ of each soft /deadline 
asynchronous process for which the wo/rst-case 
computation time, deadline, and minimum time between two 
requests are known before run-time, corresponding to a 

25 feasible pre-run-time schedule of periodic processes 
consisting of an initial part of the pre-run-time 
schedule and a repeating part of the pre-run-time 
schedule, wherein fog each point in time from zero to an 
end time of the repeating part of the pre-run-time 

30 schedule minus one nime unit, and simulating the 

execution of the asynchronous process using functions 
which are used in determining a run-time schedule and 
recording the response time of the asynchronous process 
under the assumption that the asynchronous process 

35 starts at the point in time and that all other soft 
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deadline asynchronous processes that can possibly block 
the asynchronous process arrive aye one time unit prior 
to the point in time, and all soft deadline asynchronous 
processes that have deadlines wMch are shorter than the 

5 deadline of the asynchronous process and all hard 

deadline asynchronous processes arrive at the same point 
in time, all executions of periodic processes starting 
at the beginning time and completing at the end time of 
their respective time slots/in the pre-run-time 

10 schedule, thus simulating all possible worst-case 
scenarios of executions off the asynchronous process. 



46. A method as /defined in claim 1, including, 
during a pre-run-time please, generating tables of safe 
15 start time intervals fc/r the executions of hard deadline 
asynchronous processes/, wherein every periodic process 



is scheduled to be executed strict/ly wi 
slot in the pre-run-£ime schedule/, ^ 



its time 
hanging the 



release time of execution of eapjnt periodic process to .be 
20 equal to the beginn/ng time 6fjjhe time slot reserved 
for execution of tme periodic process, wherein for 
selected points iry time of the pre-run-time schedule, it 
is determined whether each asynchronous process should 
be delayed, under the assumption that the actual start 
25 time of execution of every periodic process is equal to 
the beginning time of its time slot, and the actual end 
time of execution of every periodic process is equal to 
the end time of its time slot, wherein for selected 
points in time/ of the pre-run-time schedule, in the 
30 event the hard deadline asynchronous process is to be 
delayed according the assumptions, that point in time is 
set to be uns/afe and recorded in a corresponding entry 
for the point in time and the asynchronous 



in the table 
process . 
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47. A method as defined in claim 46, in which 
the selected points in time are every/point in time. 



48. A method as defined in yclaim 1, including, 
5 during a pre-run-time phase, determining by simulation a 
worst-case response time of each soft deadline 
asynchronous process for which tne worst-case 
computation time, deadline, and /minimum time between two 
requests are known before run-tame, corresponding to a 
10 feasible pre-run-time schedule/ of periodic processes 
consisting of an initial part/of the pre-run-time 
schedule and a repeating part of the pre-run-time 
schedule, wherein for select/ed points in time from zero 
to an end time of the repeating part of the pre-run-time 
15 schedule minus one time un£t, simulating the execution 
of the asynchronous process using functions which are 
used in determining a rury-time schedule and recording 
the response time of the/ asynchronous process under the 



assumption that the asynchronous proces 



/ 



20 selected point in time and that all oj 

asynchronous processes /that can poss: 

asynchronous process arrive at one 

the selected point in /time, and all 

asynchronous processes that have de^ 
25 shorter than the deadline of the as^y 

and all hard deadlir/e asynchronous 

the same point in time, all executions of periodic 

processes starting /at the beginning time and completing 

at the end time of /their respective time slots in the 
30 pre-run-time schedule, thus simulating all possible 

worst-case scenari/os of executions of the asynchronous 

process . 




arts at the 
eadline 
lock the 
it prior to 
scjtr deadline 
ines which are 
chronous process 
rocesses arrive at 



49. A method as defined in claim 48, in which 
35 the selected points in time are every point in time. 
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50. A method of processing a plurality of 
processes, some of which are/periodic and some of which 
are asynchronous, comprising 
5 (i) prior to executing the processes on a processor: 

(a) determining wh/ich asynchronous processes 
have less flexibility in meeting their deadlines than 
any of the periodic processes, 

(b) adding the execution time of each of the 
10 less flexible asynchronous processes to the execution 

time of each of the periodic periodic processes, 

(c) scheduling jeach of the periodic processes 
into time slots, 

(ii) and during run-tinje of the processor: 
15 (d) executing /the periodic processes according 

to the schedule, interrupting any periodic process to 
execute an of said les/s flexible asynchronous processes 
for which a request td execute has been/ received by the 
processor, I / 

20 (e) on receiving a request to fex^cffcte an 

asynchronous process which has greatejpT or ebual 
flexibility in meeting their deadlines! than any of the 

cheduling the requesting 
at a time which 



periodic processes, s 
asynchronous process 
25 with execution and cc 
processes, and 

(f) execute 



process at its scheduled time. 
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51. A methoc 



/ill not conflict 



mpletion of any of the periodic 



the scheduled latter asynchronous 



the step of convertin 
to a new periodic prp 
event that a ratio o 
be reserved for exec 



as defined in claim 50, including 
g at least one asynchronous process 
cess prior to step (i) (a) in the 

processor capacity which needs to 
iting the new periodic process, to 



35 the processor capacity which needs to be reserved for 
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the asynchronous process if uhconverted, exceeds a 
predetermined value, and the /step of otherwise treating 
each new periodic process in/ a similar manner to other 
periodic processes . 



52. A method of processing a plurality of 
processes, some of which are periodic and some of which 
are asynchronous, comprising: 

(i) prior to executing the processes on a processor: 
10 (a) determining which asynchronous processes 

have less flexibility in /meeting their deadlines than 
any of the periodic processes, 

(b) adding the execution time of each of the 
less flexible asynchronous processes to the execution 

15 time of each of the periodic processes, 

(c) scheduling /each of the periodic processes 
into time slots, 

(d) converting! each asynchronous process which 
has greater or equal flexibility in meeting their 



20 deadlines than any of 
periodic process , and 



:he periodic proces: 
scheduling the new /per 



into a new 



process at a time whicfh will not conflict wi 



and completion of any 



(ii) and during run-time, 



25 



(e) executing 
5S, interrupt! 
periodic processes to 



processes any off the less flexible 
asynchronous processes for which a request to execute 
may be received at any time. 
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53, 



A method 



of the other periodic^^rSce 



the periodic andl/new periodic 
processes, interrupting any of the periiodic and new 



as defined in claim 52, including 
the step of converting at least one asynchronous process 
to a new periodic process prior to step (i) (a) in the 
event that a ratio of processor capacity which needs to 
35 be reserved for executing the new, periodic process, to 
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the processor capacity which neyfeds to be reserved for 
the asynchronous process if unconverted, exceeds a 
predetermined value, and the step of otherwise treating 
each new periodic process in /a similar manner to other 
5 periodic processes . 

54. A method as defined in claim 50, including 
adding the execution time pf each of the less flexible 
asynchronous processes to /the execution time of each of 

10 the periodic processes which has greater or equal 

flexibility in meeting tneir deadlines than any of the 
periodic processes, interrupting the scheduled latter 
asynchronous process to /process any of the less flexible 
asynchronous processes for which a request to execute 

15 may be received at any time. 

55. A method afs defined in cl£im\51, including 



adding the execution t/ime of each o 
asynchronous processes to the exec 
20 the periodic processes which has g 
flexibility in meetin/q their dea 
periodic processes, interrupting 



:he JLess flexible 
on tJLm^.o-f each of 
Tjor equal 
es ttian any of the 
e scheduled latter 



asynchronous process/ to process aihV of the less flexible 
asynchronous processes for which a request to execute 
25 may be received at any time. 



56. A methcid of scheduling execution of 
processes by a processor comprising: 

(a) scheduling periodic time slots for all periodic 
30 processes which time slots each include time for each of 
the periodic processes and time for all asynchronous 
processes which h^fve less flexibility in meeting their 



deadlines than do 
(b) determinin 
35 other processes, 



the periodic processes, 
g worst case response times of all 
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(c) construct a schedule which includes the periodic 
time slots and sufficient intervening time to process 
said all other processes, amd 

(d) execute the processes in accordance with the 

5 schedule and as said all other processes are required to 
be processed from time to /time. 



w 
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57. A method of Scheduling execution of 
processes in a processor/, wherein the processes may be 
10 periodic having at least/ one of 

(a) hard deadlir/es with known characteristics 

(phk) , 

(b) soft deadlihes with known characteristics 

(psk) , 

15 and may be asynchronous having at least one of 

(c) hard deadlines (ahk) , or 

(d) soft deadlines (ask) 
comprising: 

A. in a first pr^-run-time off- 

20 I. dividing ahk processes 

and ahka, 

1. converting the ahkp pif9 
periodic processes in the event 

:fiat needs to be 
the processor 



processor capacity t 
25 periodic process, to 



to be reserved for tie ahkp proces 



exceeds a predetermined threshold, and if not, 



designating the ahkp 



30 



latitude in meeting 
said processes that 
35 periodic process if 




phase: 
o subsets ahkp 



into new 
tio of 
'reserved for the new 
apacity that needs 
if unconverted, 



process as an ahka process, 



2. retaining akha processes as asynchronous, 
(i) reserving enough time in the new 
periodic processes ceadline to accommodate times of all 
periodic and asynchronous processes that have less 

their deadlines, thereby to allow 
have less latitude to preempt a new 
possible at run-time, 
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(ii) reserving processor capacity for 
ahka processes by adding computation time of each ahka 
process to computation time/ of every periodic process 
that has greater flexibility in meeting its deadline 
5 than of the ahka process, /thereby to allow each ahka 
process to preempt execution of any such periodic 
process which has the greater flexibility if possible at 
the run-time, 

II. 1. determinin/g the schedulability of all phk 
10 processes having known characteristics and new periodic 

processes converted from ahkp processes, 

2. constructing a pre-run-time schedule in 
which one or more time slots are reserved for execution 
of every phk process and every new periodic process 
15 converted from one ahjkp process, wherein a time slot 
reserved for a phk process includes time reserved for 
execution of all ahka processes that have/jl< 
flexibility in meeting their deadlines thj&n 
process, 

20 3. adjusting the lengths of Jpjrt&jslot periods 

by predetermined parameters for control/ling balance 
between a utilization level and length of a pre-run-time , 
schedule, / 

III. l. determining worst case response times of 
25 all ahka processes, 

2. verifying schedulability of each ahka 
process by checking whether its deadline is greater or 
equal to its worst-case response time, 

IV. 1. determining the schedulability of all psk 
30 processes, while maintaining the previously determined 

schedulability of all phk and ahka processes, 

2. reconstructing a pre-run-time schedule in 
which one or more time slots are reserved for execution 
of every phk process including every new phk process 
35 converted from an ahka process, for every psk process, 
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and for execution of all ahksj processes that have 
deadlines that are shorter than deadlines of the phk or 
psk process and thus may preempt execution of the phk or 
psk process, 

5 3. determining/, again, worst case response 

time of all ahka processes, 

V. determining w<prst case response time of the 
ask processes, 

VI. constructing /a feasible pre-run-time 
10 schedule for all the periodic processes with known 

characteristics, and determining worst-case response 
time of all asynchronous processes with known 
characteristics, 

B. and in a following run-time /n-lrne phase, 

15 1.1. scheduling execution ok fche periodic and 

asynchronous processefe so as to guarantee |th^t<execution 
of every periodic process will be cpmplp^ed before 
ending of the time slot containinc^Clie periodic process 
in the feasible pre-run-time schedule, and to guarantee 
20 that execution of aMl asynchronous processes having soft 
deadlines and known / characteristics is completed within 
the worst-case respjonse time determined in step A(IV) (3) 
and in step V, and 

2. scheduling all other processes on a best 
25 effort basis using/ remaining processor capacity 
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